Abstract: Many wellbores are blocked by asphaltene deposits, which lead to production problems in the are adopted for the study of wellbore blockages. The content of organic matter in blockages is higher than 96% and asphaltene is the main component of the organic matter with n-heptane asphaltene content -1 ·min -1 colloid instability index greater than 0.9 can effectively inhibit asphaltene deposition in the wellbore. By application for dispersion and removal of asphaltene deposition in high-asphaltene wells.
Introduction
In general, saturates, aromatics, resins and asphaltenes of crude oil are in thermodynamic balance under reservoir and chemical conditions in the oil reservoir can destroy the balance of asphaltenes in crude oil, resulting in the the blockage of strata, wellbores and production equipment. The blockage of wellbores often results in a decrease or even cessation of crude oil production. It can also increase the load on sucker rods, decrease the efficiency of pumps and even cause pumps to stick. More severely, it may result in well shut-in or well abandonment. All the problems mentioned above have deleterious effects on oilfield development and al, 2004; Merino-Garcia and Andersen, 2004; Pietraru and Cranb, 2003) .
Currently, asphaltene deposits in wellbores are removed by injecting solvents or dispersants into the oil well. The conventional solvents are aromatics: toluene, xylene, etc. in which xylene has the best dissolving effect, but some problems have occurred in its application, such as high consumption, high treatment cost, short maintenance time and severe contamination of the environment. In order to solve the blockage by asphaltene deposit in target oil wells and to improve oil production, it is necessary to study asphaltene dispersion and removal. Injecting solvents and dispersants simultaneously into oil well is a direction for removal of asphaltene deposits. The synthesis of an agent for asphaltene dispersion and removal to treat wellbore blockages is presented in this paper.
Experimental

Reagents and instruments
Instruments: Soxhlet extractor (Beijing Glass Instrument Furnace Factory, Tianjin, China); Turb 550 turbidity detector (WTW Company, Germany); DV-II+Pro programmable ICAP 6300 inductively coupled plasma atomic emission spectrometer (Thermo Electron Corporation, USA), Genesis USA).
Experimental methods
deposits in oil wells mainly includes dispersant, solvents and nonvolatility at normal temperature, low contamination to Fig. 1 shows the analysis of blockage components. The type of elements in the blockages was determined by an national standard Analytical method for elements of carbon, hydrogen and oxygen in rock organics (GB/T19143-2003, China) , the contents of carbon, hydrogen, sulfur, nitrogen were determined by combustion adsorption analytical method, and oxygen was determined by a splitting method. The contents of organics and inorganics in the blockages were determined by solvent extraction and ashing methods (Del Carmen García et al, 2003) . The group components of the organics in the blockage were determined by rod thin layer chromatography. The contents of metal elements in the inorganic fraction of the blockage were determined by inductively coupled plasma emission spectrometry.
Analysis of components of blockage
Methods for evaluation of SDJ agent
Currently, there is not a universal standard for evaluating the performance of dispersion and removal agents, namely their solubility and inhibition performance. Based on the characteristics of the crude oil and blockages, the following methods are adopted: (1) The method for evaluation of and natural gas industry standards General specification of paraffin inhibition and removal agent for the use of oil production (SY/T6300-1997, China). Dispersion and removal o C for 15 min. Then 1.00 g blockage was added to the beaker, and the time needed for complete dispersion and dissolution of the blockage was recorded, and the dissolution rate of the -1 ·min -1 ) was calculated. The dissolution n-heptane. Turbidimetry was used to evaluate the inhibition in addition, the turbidimetry method has high reliability and is free from the effect of oil color. Method for evaluation of influence of temperature on the solubility of dispersion and removal agent: Excess bulk blockage was added to several beakers at different beaker. The time needed for complete dispersion and dissolution of the blockage was recorded, and the dissolution -1 ·min -1 control for comparison.
Determination of the amount of dissolved blockages in SDJ agent
The possibility of asphalthene deposition was determined calculate the colloid instability index (CII) using the following equation.
( 1) saturates asphaltenes resins aromatics
CII
where stands for the mass fraction of saturates, asphaltene, resins, and aromatics in crude oil respectively. When the value of CII for crude oil is greater than or equal to 0.9, asphalthene deposition is likely to occur (Newberry and Barker, 2000) . Therefore, the critical condition for asphaltene deposition is CII=0.9. Because the approximated as resins and aromatics when using Eq. (1). Meanwhile, the maximum amount of dissolved asphalthene practical application.
was determined by the viscosity method. This method is as and kept at 60 ºC for 2 h. Then blockages were added to the this time, the total amount of the blockages in the system is determine the maximum amount of blockages dissolved under the same conditions for comparison.
Results and discussion
Appearance of blockages
TH10316 and Yuqi high-asphaltene wells of Tahe oilfield, like substance, which can be powdered mechanically. The blockages from TH10316 and Yuqi asphaltene wells are sticky viscous solids. The appearance of the blockages is One is acidic oxides, such as petroleum acid, naphthenic acid and phenols, and the other is neutral oxygen compounds, such as alcohols, ketones, aldehydes, esters and so on. The groups with sulfur, nitrogen and oxygen are polar groups, and they always show a strong interfacial activity.
The contents of organics and inorganics in asphaltene deposits were determined by solvent extraction and ashing. The results are shown in Table 3 . As seen in Table 3 , the content of inorganics in the three blockage samples is low, the maximum content is 3.52 wt% by the ashing method. The main component of the blockages is organics. The content of organics determined by ashing method is higher than that by soxhlet extraction method, 
Analysis of the components of blockage samples
The type of elements in the blockages was determined from Be to U. The results of the element types in the blockage samples are presented in Table 1 .
As shown in Table 1 , B, C, N, O, Na, Mg, Al, Si, P, S, Cl, K, the blockage samples. Among these elements, C, N, O, S were the main elements in the blockages. The results of non-metal elements analysis are shown in Table 2 .
The main elements in the blockages are carbon, hydrogen, sulfur and oxygen, and the contents of the four elements are 82.89-83.31 wt%, 8.32-9.17 wt%, 2.16-3.38 wt% and 1.84-3.92 wt% respectively. The H/C ratio ranges from 1.21 to 1.33. A low H/C ratio means an increase of cyclic structure, aromatic ring structure and unsaturated degree. A certain amount of sulfur, nitrogen and oxygen is in the blockage samples. The oxygen content is closely related to the formation and evolution of heavy oil. Generally speaking, the oxygen compounds in heavy oil can be divided into two types: and the reason is that in the soxhlet extraction method the organics cannot be completely extracted from the samples, while in the ashing process the organics in the samples are totally calcined.
The results of group components of organics in the blockage samples are presented in Table 4 . As seen in Table 4 , according to the ratio of the content of saturates (S) to the total content of resins (R) and asphaltenes (A blockage) can be divided into three types (Wang, 2003) 
: If S/(A+R)<1, the blockage is of asphaltic type; if S/(A+R)>1, S/(A+R)=1
, it is of mixed type. From Table 3 , the S/(A+R) values of the three types are all less than 1, so they all belong to the asphaltic type. Thus, the study of the dispersion and removal agent should focus on asphaltene dispersion and removal.
The results of metal elements in inorganics are shown in Table 5 . As seen in Table 5 , there are high levels of calcium and sodium in the blockage sample from TH10316 and the Yuqi sample are high. The high iron content is mainly attributed to wellbore corrosion by acidic substances, or iron oxides formed by iron ions in the formation water or crude oil. The high contents of calcium and sodium may be caused by the formation of chloride, carbonate and sulfate in the formation water during the oil production.
contents of organics and inorganics, the group components of the organics, metal elements in the inorganics of the three wellbore blockage samples, it was found that the main elements of the blockages are carbon, hydrogen, oxygen and sulfur, while the contents of other elements are relatively low. The content of organics in the blockages is higher than 96%, and n-heptane asphaltene accounts for 38% of the organics. The blockage samples belong to asphaltic type.
Preparation of the dispersion and removal agent
Aiming at the properties of the wellbore blockages, a dispersion and removal agent was prepared. This dispersion and removal agent not only can disperse the asphaltenes but also has a strong ability to dissolve the asphaltenes, them from re-depositing. When the agent is added into oil wells, it can disperse the asphaltenes, preventing them from structure of resin and/or asphaltene molecules by forming hydrogen bonds, and partly break up the aggregates of resin and asphaltene molecules, making the structure loose and reducing its degree of order (Guo et al, 2010) .
Therefore, design of a dispersion and removal agent should take dispersant, solvent and cosolvent and dissolution rate into consideration, and the properties of the agent should Generally, a surfactant is selected as dispersant (Carnahan et al, 2007) . Although it is unable to dissolve the asphaltene, it can disperse the asphaltene in water or oil by surface-active action. The action principle of the dispersant is similar to that of resin, both of them can surround the asphaltene molecules
The choice of solvents should consider such characteristics as high efficiency, environmental-friendliness and low cost (Becker et al, 1992) . The main function of solvents is to dissolve dispersant and deposits.
Two solubility parameters 1 and 2 proposed by
H RT V
Where is the surface tension; V is the molecular volume; r Eq. (2) and Eq. (3) show that 1 and 2 increase with increasing solvent density, surface tension and heat of When 1 >5, or 2 >8, the solvent has good dissolution should be as large as possible, and the solvents should have strong ability to form hydrogen bonds, because there are a large number of hydrogen bonds in the monolayer adsorption of asphaltene on mineral matter. Therefore, besides a high dielectric constant, the solvents should also have strong ability to form hydrogen bonds (Qin and Guo, 2002) .
In order to improve the stability of the system, some polar compounds such as alcohols, amines, and ketones (Minssieux, 2001) can be added to the system. According to the above mechanism and principles, the dispersion and removal agent was designed with sodium and isoamyl alcohol was used as cosolvent to prevent the re-deposition of asphaltene. The contents of sodium 10 wt%, 37 wt% and 53 wt% respectively. The dissolution taken into consideration for the dispersion and removal agent. agent with four crude oil samples, which are not stable and the CII of which is lower than 0.9, are shown in the Table 6. effect of inhibiting and reducing asphaltene deposition. When adding n-alkanes to crude oil, the resin is dissolved, of the coalescence of asphaltene molecules. The addition asphaltenes to some extent. The effect of temperature on the dissolution rate of the shown in Fig. 4 . Pet.Sci.(2012)9:551-557 TH10316 is about 60 ºC, and the dissolution rate of TH10316 -1 ·min -1 at 60 ºC. The
Evaluation of SDJ agent
Amount of dissolved blockages in SDJ agent
3.5.1 SARA method system equals to 0.9 (stable system). The results are shown in Table 7 . As seen in Fig. 4 , the dissolution rate of TH10316 increased slowly from 40 ºC to 70 ºC, and rapidly when the temperature is higher than 70 ºC, and the dissolution rate -1 ·min -1 at 90 ºC. This indicated that an increase of temperature can accelerate the dissolution of the blockage. The temperature of the blockages from well approximately regarded as resin and aromatics, the minimum 42 g to obtain a stable system (see Table 7 ). This is the
Viscosity method
The relationship of viscosity and temperature for the TH10316 and Yuqi can be determined from Fig. 5 and Fig. 6 . As shown in Fig. 5 , for the blockage from TH10316, from 40 o C to 90 o C the viscosity of the system formed by For wells frequently blocked during normal production, -bore to prevent the formation of asphaltene deposits in the wellbore. When a well has ceased production because of the agent can be injected into the wellbore, then the well is shut in for 8 h. Then the blockage in the wellbore dispersed by and
Conclusions
1) The main content of the blockages is organics, which account for more than 96 wt%, and the inorganic matter in the blockages is less than 4 wt%. The main elements of blockages are carbon, hydrogen, sulfur, oxygen, and the contents of the four elements are 82.89-83.31 wt%, 8.32-9.17 wt%, 2.16-3.38 wt% and 1.84-3.92 wt% respectively, and the H/C ratio ranges from 1.21 to 1.33. The content of n-heptane asphaltene in the organics is higher than 38%. The blockages belong to asphaltic type. in the agent is 10 wt%. The molecules of the dispersion and removal agent dissolve the blockages well and have dissolved asphaltene and prevent the asphaltene from redepositing.
-1 ·min -1 at 60 o agent to crude oil can effectively inhibit asphaltene deposition in the wellbore, and the solubility and inhibition of the contamination to the environment and the human toxicity of has high security and stability.
g blockage to obtain a stable system. When the viscosity of the system reaches to 2,000 mPa·s at 50 o C, the dissolved Viscosity, mPa s 15mL benzene +12g blockage 15mL SDJ agent+17g blockage Blockage: TH10316 
